ABSTRACT Health issues like infestation with poultry red mite (Dermanyssus gallinae) and behavioral problems such as feather pecking and cannibalism are reported as current problems on laying hen farms. However, the epidemiological prevalence of these issues in Bavaria, Germany, is not known. The objective of the present survey was to determine the epidemiological prevalence of health and behavioral parameters and the management of hen farms in practice. The survey was sent to all laying hen farmers with more than 1,000 hens in Bavaria, Germany, and contained questions regarding flock management, behavior problems and health issues. The response rate was 40.8% and surveys were answered regarding 293 individual flocks on 147 farms. Three-quarters (77.6%) of the respondents housed their hens under conventional conditions. Farming system had an influence (P ≤ 0.05) on several management measures and the hens' behavior. An infestation of the flocks with poultry red mite was stated in 65.7%, whereby a relationship existed with the farming system (P = 0.001) and the provision of an additional dust bath (P ≤ 0.001). The occurrence of feather pecking (18.5%) was related with the farming system (P = 0.001), the presence of roosters (P = 0.034), the locking of laying hens into the aviary (P = 0.006), not allowing access to the entire litter space after housing (P = 0.044) and nervous (P = 0.002) or chasing behavior (P ≤ 0.001) of laying hens. Similarly, cannibalism (15.0%) was related with locking hens into the aviary system (P ≤ 0.001) and not allowing access to the entire litter space (P = 0.026). According to these results, farmers should avoid locking the hens into the aviary or not allowing access to the entire litter space, because these measures relate to nervous behavior that may result in feather pecking or cannibalism. The provision of an additional dust bath is one of the management measures that can positively influence hens' health and behavior.
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INTRODUCTION
Egg producers' opinions toward alternative, non-cage housing systems is rather negative in general and in particular with respect to labor, hen health, hen performance, and farm profitability as compared with battery cages. However, these housing systems are considered superior concerning animal welfare (Tuyttens et al., 2011) . In 2012, the housing systems for laying hens in Bavaria comprised 34.4% hens housed in enriched cage systems, 54.0% in aviary and floor systems, 9.0% in free-range systems, and 2.6% in ecologically managed housing systems (LfStat, 2013) . Infestation with red mites, feather pecking, and cannibalism are major problems in the housing of laying hens and may C 2017 Poultry Science Association Inc. Received January 20, 2017. Accepted May 10, 2017. 1 Corresponding author: h.louton@lmu.de lead to death of the hens and have welfare and economic consequences (Savory, 1995; Sparagano et al., 2009) .
The most important ectoparasite affecting laying hens in housing systems worldwide is the red mite, Dermanyssus gallinae. The mites can cause irritations, anemia, and even death of the hens (Chauve, 1998) . The infestation rate with red mites (D. gallinae) can reach 80% to 90%, and less-intensive farming systems are affected by a high prevalence of infestation (Sparagano et al., 2009) . Fossum et al. (2009) noted that mortality due to infestation with red mites was observed only in litter-based systems, and mites were not detected in caged birds. In contrast, Sherwin et al. (2010) observed higher proportions of hens being infested with mites in conventional battery cages than in free-range or barn systems. Martin and Mullens (2012) showed that dust bathing of hens in sand combined with diatomaceous earth, kaolin clay, or sulphur can suppress and reduce ectoparasites (northern fowl mites and chicken body lice) by 80% to 100%.
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Mortality in laying hens can have several causes. The main causes are bacterial diseases (especially Escherichia coli), cannibalism, feather pecking, salpingitis, smothering, and predators in free-range systems (Pötzsch et al., 2001; Hegelund et al., 2006; Fossum et al., 2009; Heerkens et al., 2015) . Fossum et al. (2009) observed mortality due to cannibalism only in litterbased or free-range systems, not in cage systems. Shimmura et al. (2010) suggested an influence of group size, with higher mortality rates in larger groups. According to Tauson et al. (2006) , the mortality rate should be considered as "high" if it exceeds 9%.
Forceful pecking, by which the feathers of one bird are pulled, leads to the loss of feathers and damage in the plumage (Savory, 1995) . Feather pecking seems to have multi-factorial causes, including genetic traits, early life history, and environmental factors such as floor substrate, nutrition, lighting, group size, stocking density, and enrichment (Rodenburg et al., 2008; Hartcher et al., 2016) . Huber-Eicher and Wechsler (1997) concluded that housing conditions that allow the hens to forage by supplying adequate foraging material can reduce and prevent feather pecking. Hens housed without foraging material were observed showing significantly more feather pecking than hens housed with foraging material (Wechsler and Huber-Eicher, 1998) .
Injuries of the skin due to pecking at denuded areas can develop from severe feather pecking (Savory, 1995) . Vent pecking, known as cannibalism, is a behavior different from feather pecking and occurs most likely due to minor prolapses of the uterus that cause the mucous membranes to be exposed (Savory, 1995) . One measure to reduce the damage due to feather pecking and cannibalism is beak trimming, although it cannot fully prevent this behavior and causes chronic pain for the hens (Savory, 1995) . Lambton et al. (2013) showed that individually designed management strategies can prevent the occurrence of injurious pecking and raise the welfare and productivity of laying hens. Knierim (2006) concluded that access to outdoor runs gives hens high welfare potentials regarding behavior and health aspects. However, the risks of infectious diseases and death by predation were higher compared with non-free-range systems. Thus, Knierim (2006) suggested using a winter garden as being advantageous to the hens. A winter garden is a weather-protected area with a floor slab and litter material that is accessible to the hens, is separated from the barn, and has its own climatic condition (German Order on the Protection of Animals and the Keeping of Production Animals, 2006). Häne et al. (2000) concluded that a protected outdoor area is valuable for the well-being of hens.
In this survey, we assessed the prevalence of infestation with red mites, feather pecking, and cannibalism as well as other health indicators such as mortality. The farmers also answered barn specific (i.e., housing-related) and flock-specific (i.e., bird-related) management questions. The aim was to detect the epidemiological prevalence of health and behavior issues on Bavarian laying hen farms and to identify management measures that may influence these issues.
MATERIALS AND METHODS

Questionnaire
In November 2012, a survey was sent to all laying hen farmers in Bavaria, Germany who ran farms with more than 1,000 laying hens for economic egg production. The questions of the survey had been developed cooperatively by scientists, farmers, and veterinarians. Before the survey was sent to the farmers, a pretest had been performed with 5 laying hen farmers and 5 students of veterinary medicine, after which the survey was modified according to the voiced queries.
The survey contained 10 sections with 4 to 24 questions per section on 13 pages. The questionnaire addressed the management of the current and former flocks as well as performance and health issues of the laying hens. Most of the questions offered answer options via certain categorical scores and as single choice answers.
Data Analysis
The possible answers were coded and results inserted into a file of Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA). The ratios were calculated using IBM SPPS Statistics 20.0 software (IBM Deutschland GmbH, Ehningen, Germany). The assessment of the general information on the farms was based on the number of farmers (up to 147) who answered the questions. For the evaluation of answers concerning management as well as health and behavior parameters, the answers for each flock for which the questionnaire was filled out served as a basis (up to 293). For all single-choice questions, the percentage of specific answers was evaluated. For questions in which metrics were required, the mean average as well as the minimum, maximum, and standard deviations are presented. A statistical analysis to find possible relationships between answers concerning the management and health issues of the laying hens was performed using a chi-squared test with calculation of P, Phi for variables with 2 scores (e.g., yes or no answers) and Cramer-V for variables with more than 2 possible answers. It is a conventional criterion that the chi-squared test is valid if at least 80% of the expected frequencies in a contingency table exceed 5 and all the expected frequencies exceed 1 (Bland, 2000) . All contingency tables in our study satisfy this requirement. According to Rea and Parker (2014) , the interpretation of Cramer-V and Phi is as follows: from 0.00 to ≤0.10 negligible association, from >0.10 to ≤0.20 weak association, from >0.20 to ≤0.40 moderate association, from >0.40 to ≤0.60 relatively strong association, from >0.60 to ≤0.80 strong association and from >0.80 to ≤1.00 very strong association. The figure of distribution of flock and group sizes was generated with MedCalc Statistical Software version 16.8 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2016). Additionally, the chance (probability) or risk factor for the occurrence of specific problems was evaluated by assessing the proportion of magnitude. The Odds Ratio (OR) is a method by which one can quantify how strongly the presence or absence of a property A is associated with the presence or absence of a property B in a given population. An OR of 1 indicates that there is no relationship (Bland and Altman, 2000) . A binary logistic regression for the stated parameters "contamination with red mites," "nervous behavior of hens," "previous and current problems with feather pecking" and "previous and current problems with cannibalism" was performed using IBM SPPS Statistics 20.0 software (IBM Deutschland GmbH, Ehningen, Germany) to evaluate the factors by a multivariate statistic. Factors included in the regression were: farming system, presence of roosters, monitoring, use of reduced stocking densities, locking hens into the aviary, litter space entirely available after housing, scattering of corn into the litter, additional dust bath, hens being nervous, hens chasing each other, previous and current problems with feather pecking, winter garden available, free range available. The term "reduced stocking densities" applies to all housing systems for which the farmers stated that they use stocking densities lower than required by the German Order on the Protection of Animals and the Keeping of Production Animals (2006) or the Commission Regulation (EC) No 889/2008 No 889/ (2008 for the particular housing system. The locking of hens into the aviaries is a measure used on farms shortly after housing, when the hens are kept in a locked area on the slats of the aviary and have no access to the litter area. The litter area requested by law is standard, and any dust bath other than this litter material and usually provided in tubs was considered "additional."
RESULTS
Of the 363 questionnaires sent out, 148 were returned, one of which could not be assessed. Thus, a return rate of 40.8% was recorded with 147 returned questionnaires used for the statistical evaluation and assessment. The 147 returned surveys contained answers on 293 individual flocks (barns) and are presented as "flock-specific information." Detailed results of the survey responses including percentages and absolute numbers can be found in the Supplementary Tables posted online. These tables will be cited as Tables S1 to S6.
General Farm Information
The general information about farm management on the farms is given in Table S1 . The majority of hens were kept in conventional housing systems, whereas 22.4% of the farms operated under ecological condi- No 889/2008 No 889/ (2008 . Half of the farmers (51.0%) kept their laying hens longer than 12 months at the production site and 4.1% used an induced molt during a production period. The implementation of several management measures was significantly related with the farming system (Table 1) . These measures included weight recording, use of reduced stocking densities, assessment of water and feed consumption, the presence of roosters, locking the hens into the aviary or not allowing access to the entire litter space, and supplying additional dust baths. All measures except locking the hens into the aviary and not allowing access to the entire litter space were more frequently performed in ecological than in conventional housing conditions. Behavioral parameters of the hens like hens being nervous (P < 0.001, Phi = 0.155, OR 1:0.900) or hens chasing each other (P = 0.021, Phi = 0.155, OR 1:6.840) were also related with the farming system. Hens of flocks in ecological systems were not stated to be nervous (0/58) and did not chase each other (1/58), in contrast to hens of flocks in conventional systems (nervous: 20/201; chasing: 21/175 ).
On the majority of the farms, the farmers themselves, a family member, or both took care of the hens. On 14.9% of the farms, semi-skilled employees and on 4.8%, skilled employees assisted in the caretaking or fully cared for the hens.
On most farms, the barns were entered 2 times/d (38.4%) or more frequently (48.6%), whereas 12.3% of the respondents answered to enter their barn once daily. The frequency of actual animal monitoring differed from the frequency of barn entering, with 44.0% of the respondents performing animal monitoring daily, 27.2% 2 times, 14.4% 3 times, and 5.6% 4 times daily. Four percent responded that they monitor their hens wkly, and 0.8% as necessary or every 2 d. The time needed for one monitoring event ranged from below 15 min (47.2%) to 30 min (32.8%) or 60 min (14.5%) or even longer than 60 min (5.5%). On average, the index for monitoring was 7.57 min per 1,000 hens per d, with a minimum of 0.00 min, a maximum of 46.88 min, a standard deviation of 7.67 min and a standard error of 0.45 min.
Flock-Specific Information
Most (72.0%) of the interviewed farmers housed the hens of their flocks in an aviary system, 26.3% in a free-range system, and 1.7% in an enriched cage system (Table S2 ). The term "aviary" system in our study included floor, litter, or aviary systems in which hens are housed according to §13a of the German Order on the Protection of Animals and the Keeping of Production Animals (2006) . This term also includes single-or multi-tiered systems. Furthermore, the term "flock" always represents one separate barn. Some of the flocks within one barn were divided in groups maintained in separate compartments. In the results and discussion sections, we use the words "barn" and "compartment" when we refer to housing characteristics and the words "flock" and "group" when we refer to the hens.
The average number of hens per flock was 5,028, and 71.8% of the farmers kept their layers in flocks with up to 3,000 hens (Table S2) . A distribution of flock (barn) and group (compartment) sizes is presented in Figure 1 . The most frequently used layer lines were Lohmann Brown Classic (34.7%) and Lohmann Selected Leghorn Classic (15.7%) or a combination of these (34.7%). Lohmann Tradition (2.2%) was also used. Other layer lines were Dekalb White (1.1%) and ISA Brown (1.8%) or a combination of these (1.5%). In 35.8% of the cases, the layer lines were housed in a homogeneous group of one layer line, and in 64.2% in a mixed flock of several lines (Table S2) .
Many (40.2%) of the farmers made voluntary use of a reduced stocking density, i.e., a density lower than that required by law for conventional or ecological farming, for their flocks. Special management measures after opening the aviary at the beginning of the laying period were: moving the hens onto the slats at night (58.1%), locking the nests (12.8%), or a combination of these tools (29.1%). In 30.8% of the barns, the hens were locked up in the aviary system, mostly (82.2%) for up to 3 wk (Table S2) . Furthermore, 41.9% of the flocks did not have access to the entire litter area at the beginning of the laying period, and most (94.1%) of these were denied the access until 25 wk of age (Table S3) .
Wood shavings (19.3%), straw (40.5%), and sand (7.7%) were the most commonly provided litter materials (Table S3 ), but in 15.8% of the barns additional litter was not provided in the ongoing laying period. Furthermore, in 61.2% of the barns the hens did not get scattered corn in the litter area and in 36.9% enrichment was not provided at all. Farmers who stated that they use additional enrichment in their barns commonly used straw bales (25.2%), aerated concrete (7.3%), pecking stones (2.2%) or hay or grass (5.5%). In one-third (33.3%) of the barns an additional dust bath was provided. Daylight was present in 78.4% of the barns (Table S4) , and the duration of the light period varied from 10 h to 17 h with an average of 15 h. UV illumination was not used in 47.0% of the barns (Table S4) . Electric wires were used in 32.8% of the barns (Table S2) .
The feed consumption was recorded in 49.8% of the barns and the water consumption in 38.9%. In the majority (81.9%) of the barns chain feeding systems were used (Table S4) . Whereas for 32.9% of the flocks the farmers stated that the frequency of feeding was between 1 and 5 times per d, the majority (55.9%) responded that they fed their flocks 6 to 7 times per d, and 11.2% fed their hens 8 times or more frequently per d. In 73.0% of the barns, the silo was not cleaned. Of the farmers who stated that they clean the silos of the barns, 56.0% cleaned them after every laying period, several times per year or yearly.
Two-thirds (65.7%) of the flocks were stated to be contaminated with poultry red mites (Table S5) . A relationship with the farming system was observed (Table 2) , whereby the contamination with red mites was acknowledged more frequently in conventionally (71.0%) than ecologically managed (45.8%) flocks. Management measures that were related to reduced contamination with red mites included the provision of an additional dust bath and access to a winter garden. Access to a free range had no influence (P = 0.950). In the binary logistic regression, the additional dust bath was significantly related with the stated contamination with poultry red mites (P = 0.023).
Problematic Hen Behavior. Whereas 8.1% of the farmers stated that the hens of their flocks were nervous, and 8.6% that the hens chased each other; the rest indicated that the hens were easy to handle (Table S5). Nervous behavior of the hens was affected by the farming system, the presence of roosters, and access to the entire litter space after housing (Table 3) . Conventionally housed hens without roosters in the group that did not have access to the entire litter space after housing were more nervous than hens from ecological housing with roosters and access to the entire litter area (Table 3) . A relationship between the presence of daylight and the hens being nervous was not found (P = 0.157, Phi = -0.095, OR 1:0.481). In the multivariate binary logistic regression, the denied access to the entire litter space after housing was the only factor close to significance (P = 0.077) relating to nervous behavior of the hens. In 28.4% of the flocks, the hens were reported to eat the eggs, and the main measures against this undesired behavior were the collecting of the mislaid eggs (73.6%), additional supply with minerals (1.9%), and other measures (20.8%). In 57.1%, these measures were considered successful; in 42.9%, they were not. We found no relationship between the behavior of eating eggs and access to the entire litter space directly after housing (P = 0.199).
Previous (29.5%) or current (18.5%) problems with feather pecking in the present flock were also reported (Table S5 ). Current problems with feather pecking were more frequently present in conventional farming systems than in ecologically managed hen houses (Table 4) . Furthermore, the presence of roosters reduced the risk of feather pecking. Although feather pecking occurred more frequently in flocks of hens housed with homogenous than in flocks with heterogeneous layer lines, a relationship was not present (P = 0.176). The prevalence of previous and current problems with feather pecking was increased by locking the hens into the aviary system and not allowing access to the entire litter space directly after housing (Table 4 ). The provision of an additional dust bath and scattering corn into the litter reduced the incidence of current problems with feather pecking (Table 4) . Farmers of nervous hens and of hens chasing each other tended to have more previous and current problems with feather pecking than farmers of calm hens (Table 4) . Reports of previous and current problems with feather pecking in the same flock were highly related to each other (P < 0.001, Phi = 0.603, OR 1:36.316). Although the access to a winter garden (P = 0.403) or to a free range (P = 0.397) did not affect the occurrence of feather pecking, the feeding of hens in a winter garden lowered the prevalence of feather pecking (P = 0.023, Phi = −0.181, OR 1:0.254). Other factors, such as group (compartment) size, use of reduced stocking densities, the stated contamination with red mites and management measures concerning the feeding of the hens did not seem to have influenced feather pecking. Factors that influenced the prevalence of previous feather pecking (assessed by the farmers) according to the multivariate binary logistic regression were the farming system (P = 0.03), locking of the hens into the aviary (P = 0.004), scattering corn into the litter (P = 0.024) and hens being nervous (P = 0.016). Factors that influenced current feather pecking were locking of the hens into the aviary (P = 0.073), denied access to the entire litter space after housing (P = 0.054), hens chasing each other (P = 0.007) and previous problems with feather pecking (P < 0.001).
Compared with feather pecking, cannibalism occurred less often, with 18.4% of the respondents reporting previous problems and 15.0% reporting current problems in the present flock (Table S5) . Farmers who monitored their hens more than once daily had less current problems with cannibalism than farmers who monitored their hens once daily (Table 5) . Farmers who weighed the hens (P = 0.030, Phi = 0.159, OR 1:2.573) and assessed food (P = 0.006, Phi = 0.002, OR 1:3.204) or water (P < 0.001, Phi = 0.268, OR 1:4.538) consumption stated higher prevalence of cannibalism in their flocks than farmers who did not perform these management procedures. Similar to the occurrence of feather pecking, cannibalism occurred more frequently in hens that were locked into the aviary system and hens that did not have access to the entire litter space after housing (Table 5) . Furthermore, the use of a reduced stocking density was related with a reduced current occurrence of cannibalism. Farmers whose hens were fed at a high frequency tended to have more problems with cannibalism. In flocks with previous or current problems with cannibalism, the hens chased each other more than in flocks where cannibalism was not observed. Furthermore, the occurrence of previous or current problems with feather pecking was related with the occurrence of previous or current problems with cannibalism (Table 5) . The access to a free range raised previous problems with cannibalism. According to the multivariate binary logistic regression, the factors locking of the hens into the aviary (P = 0.012), current problems with feather pecking (P = 0.012) and provision of free range (P = 0.051) were related with previous problems with cannibalism. Based on the multivariate binary logistic regression, none of the reported factors of the univariate analysis would allow a prediction of current problems with cannibalism.
In 21.0% of the flocks, feather pecking turned into cannibalism (Table S5) . Feather pecking turned more frequently into cannibalism in larger groups of hens (compartments) (P = 0.001, Cramer-V = 0.478, relationships not presented additionally in a Table; group sizes ≤500; >500 to ≤1,000; >1,000 to ≤3,000; >3,000 to ≤6,000; >6,000) and hens that were locked into the aviary system (P < 0.001, Phi = 0.367, OR 1:6.316, relationships not presented additionally in a Table) . Although not significantly (P = 0.062), hens without access to the entire litter area at the beginning of the laying period tended to develop cannibalism from feather pecking more than hens with access to the entire litter area. The access to a free range raised the risk that feather pecking turned into cannibalism (P = 0.029, Phi = 0.226, OR 1:8.222, relationships not presented additionally in a Table) .
The measures taken against feather pecking and cannibalism were predominantly similar. Measures commonly taken were the reduction of the light intensity (21.1%), application of minerals (7.4%), additional enrichment (16.2%), a greater provision of litter (1.5%) and the removal of injured animals (5.9%; Table S5 ). In 62.1% of the cases regarding the measures taken against feather pecking and 62.5% of the cases regarding the measures taken against cannibalism, the measures were stated to be successful. The success of the measures taken against feather pecking was influenced by the numbers of hens per group (compartment), with more success in smaller groups than larger ones (P = 0.028, Cramer-V = 0.534, relationships not presented additionally in a Table; group sizes ≤500; >500 to ≤1,000; >1,000 to ≤3,000; >3,000 to ≤6,000; >6,000). Furthermore, farmers using reduced stocking densities reported more success in measures taken against feather pecking (P = 0.002, Cramer-V = 0.449, relationships not presented additionally in a Table) .
Hen Mortality. The average mortality rate within a laying period was 7.6% and varied from 0.8% to 30.0%, depending on the flock (Table S5 ). In most flocks (82.2%), hen mortality did not exceed 10%. Due to high variations in the duration of a laying period, these rates must be interpreted with caution. Farmers were asked for the main reasons of mortality in their flocks. Most commonly, mortality was due to smothering (9.7%), bacterial and parasitological illness (9.7%), other inflammation of the oviducts (14.9%), predators in free-range systems (11.0%), cannibalism (7.8%), natural death (6.5%) and combinations of these causes. The factors affecting the mortality rate were housing with reduced stocking densities (P = 0.011, Cramer-V = 0.220) and hens chasing each other (P = 0.012, Cramer-V = 0.222). Furthermore, current problems with cannibalism and the existence of a free range raised the risk of high mortality rates (cannibalism: P = 0.047, Cramer-V = 0.211; free range: P < 0.001, Cramer-V = 0.365, relationships not presented additionally in a Table) . Mortality due to smothering was observed several times (29.4%) or only once per laying period (22.7%), whereas 46.0% said that it did not occur in their flocks. The cause was stated in 30.8% as unknown.
Use of Winter Garden and Free Range. In 70.7% of the barns, a winter garden was provided and was moderately (28.9%) or intensely (68.6%) frequented (Table S6) . Of those interviewed, 44.2% stated that they give access to the winter garden to the hens by the age of ≤20 wk, 47.4% within 25 wk of age and 8.3% after wk 25 of age. One-quarter (24.7%) of the flocks were fed in the winter garden and 72.0% were offered additional enrichment, whereby commonly used enrichment items were straw bales (25.3%), hay or grass (8.4%), pecking stones or aerated concrete (5.2%), or a variation of these (Table S6 ).
In 66.3% of the barns, the hens had access to a free range, which was stated in 88.7% to be moderately to highly frequented (Table S6 ) and in 84.9% of the barns accessible within wk 25 of age. A maximum of 3 wk to 8 wk without access to the free range was stated by 37.3%, with common reasons being weather conditions (87.0%), predators (1.1%) or other reasons (8.7%; e.g., adaptation period, molt). In most cases (92.6%), the pasture was stated as structured. Furthermore, 37.4% of the interviewed stated that they have permanent and 25.2% to have frequent problems with predators. The feeding of hens in the free range was performed by 3.7% of the interviewed.
The presence of roosters increased the hens' use of the winter garden and the free range (winter garden: P = 0.002, Cramer-V = 0.278; free range: P = 0.011, Cramer-V = 0.287). The use of the free range by the hens was furthermore related with the frequency of the use of a winter garden (P = 0.001, Cramer-V = 0.316) and the age at which the free range was available to the hens (P < 0.001, Cramer-V = 0.514). The more the hens used the winter garden and the earlier they had access to the free range, the more they used the free range. The presence of roosters (P = 0.529) and a structured pasture (P = 0.647) did not have an influence on the stated problems with predators. The group (compartment) size seemed to influence the problems with predators, with more problems in larger groups (P = 0.03, Cramer-V = 0.336; group sizes ≤500; >500 to ≤1,000; >1,000 to ≤3,000; >3,000 to ≤6,000; >6,000).
DISCUSSION
The response rate of the questionnaires with 40.8% returns was within the expected range, as other authors reported response rates of 33.6% (Green et al., 2000) up to 60.3% (Tuyttens et al., 2011) .
General Farm Information
Records of the general diversity of housing systems for laying hens in Germany for the year of the survey (2012) reported 97.4% hens housed in conventional and 2.6% in ecological systems (LfStat, 2013) . These numbers are based on farms with more than 3,000 hens. Based on these numbers, responses by farmers running their farms with ecological systems (22.4%) were overrepresented in this study. Tuyttens et al. (2011) noted that the reason why farmers chose a particular type of housing system was future-and market-oriented production. In a survey done by Stadig et al. (2015 Stadig et al. ( , 2016 , "consumer demand" was one of the 2 most important factors in the consideration of a new housing system. This motive seems to be transferable to other management decisions such as the use of an induced molt by 4.1% of the surveyed, which might be explained by high prices for pullets. The farming system was related with the implementation of several management measures, such as weighing the hens, using roosters, using a reduced stocking density, assessing the feed and water consumption, and locking the hens into the aviary at the beginning of the laying period or not allowing access to the entire litter space. These relationships might lead to spurious relationships between management measures and parameters of the health and behavior assessment (e.g., feather pecking, cannibalism, or red mite contamination), as they could be caused by the farming systems.
At the time surveyed, 34.4% of the laying hens in Bavaria were housed in enriched cage systems, 54.0% in aviary systems, 9.0% in free range, and 2.6% in ecological housing systems (LfStat, 2013) . Compared with this distribution of the types of housing systems, fewer farmers who housed their hens in enriched cage systems (1.7%) and more who house their hens in aviary (72.0%) or free-range systems (free range and ecological, 26.3%) participated in the survey. In a survey done by Green et al. (2000) , 13% of the farmers housed their hens in a perchery or barn without outdoor areas, whereas the rest, far more than in our survey, kept them with access to outdoor areas. As of 2016, the distribution of housing systems for laying hens in Bavaria has changed, with only 7.5% of the hens housed in enriched cage systems, 66.2% in aviaries, 17.0% in free range and 9.3% in ecological systems (LfStat, 2017) . This shift to using aviaries and free range agrees with our survey results. Future assessments might be interesting in order to find out if this trend continues.
The most preferred layer lines in the Bavarian flocks were Lohmann Brown Classic, Lohmann Selected Leghorn or a combination of these 2, as 85% of the farmers housed these. In the study performed by Heerkens et al. (2015) , Lohmann Brown Classic and ISA Brown were frequently used lines and made up 44% of the laying hens in Belgium. Bestman and Wagenaar (2014) reported that farmers in the Netherlands mainly housed so-called "silvers," white-feathered hens that lay brown eggs. Leenstra et al. (2012) reported the use of 20 genotypes with differences between European countries. These reports indicate that regional differences occur.
Flock Handling and Monitoring
To allow comparisons between studies, the assessment of hen and flock monitoring should be reported as an index of time required for the handling of 1,000 hens per d, as used by Heerkens et al. (2015) . The indexed monitoring time surveyed in this study was 7.57 min per 1,000 hens per monitoring round, which is almost twice as long as Heerkens et al. (2015) recorded (3.9 min per 1,000 hens per d).
Body weight is an important parameter that provides valuable information on the health status of the flock, and hens should not lose weight after transfer to the laying hen farm (Onbaşılar and Aksoy, 2005; Thiele and Pottgüter, 2008) . However, in this survey, only 21.8% of the flock managers weighed the hens at the beginning or during the laying period. To optimize management, this parameter should be assessed on all of the farms.
Seventy-two percent of the interviewed farmers kept their laying hens in flock sizes of up to 3,000 hens, a number much smaller than on farms observed by Tuyttens et al. (2011) with mean flock sizes of 32,160 hens and 49% of the farmers housing more than 25,000 hens. In the survey performed by Green et al. (2000) , the flock size ranged from 800 to 23,000 hens. The smaller flock sizes in our survey might be explained by the participation of the overrepresented farms with ecological systems, which usually have small flock sizes. However, several farmers responded that they house hens in group (compartment) sizes of more than 6,000 hens, which is not allowed according to the German Order on the Protection of Animals and the Keeping of Production Animals (2006) .
Thirty-one percent of those interviewed locked the hens into the aviary system at the beginning of the laying period, which is recommended (up to 75% production) in the management recommendations by Lohmann as long as reasonable stocking densities are not exceeded (Thiele and Pottgüter, 2008) . This recommended measure is commonly discussed as a contravention against the German Order on the Protection of Animals and the Keeping of Production Animals (2006) . Laying hens are regarded as "laying hens" from the moment of 50% laying performance for 3 consecutive d. Beforehand, hens and pullets are not covered by the German Order on the Protection of Animals and the Keeping of Production Animals (2006), and therefore the locking of the hens in the layer barn during the first weeks is not forbidden. However, farmers should refrain from this practice because it was clearly related with problematic hen behavior such as feather pecking and cannibalism. Furthermore, as we found no relationship between the behavior of mislaying eggs and the hens' access to the entire litter space directly after housing, the use of this management tool should be discussed critically. In a study performed by Lenz (2015) , 3 of 16 observed farms made use of this management tool and reached stocking densities up to 32 hens/m 2 . Such densities by far exceed the permitted stocking density for laying hens of 9 hens/m 2 usable area (German Order on the Protection of Animals and the Keeping of Production Animals, 2006). It should be considered that the plumage condition can worsen with increasing stocking density due to increasing mild feather pecking (Nicol et al., 1999) . Furthermore, the locking of hens into the aviary system should be regarded critically because the pullets do not have access to the litter area during this time, and foraging material such as straw can reduce the risk of feather pecking (Huber-Eicher and Wechsler, 1997; Wechsler and Huber-Eicher, 1998) .
In the present survey, all farmers stated that they provide litter material in their barns, and straw was the most commonly used material (40.5%). In contrast, no loose litter was present on 55% of the farms surveyed by Green et al. (2000) and on 1 of 16 farms (6.3%) observed by Lenz (2015) . Thirty-three percent of the herein interviewed did not provide additional enrichment, even though in a study done by De Haas et al. (2014) , the use of "specific management measures" that included the supply with aerated concrete blocks shown to reduce feather damage. Also, Chow and Hogan (2005) concluded that if pullets are deprived of rich exploratory environments, they will direct their exploratory behavior towards conspecifics.
The average duration of the daylight period of 15 h in the present survey was in line with the management recommendations by Lohmann of 14 h to 16 h of light from wk 25 onwards (Thiele and Pottgüter, 2008) . However, the recording of both feed and water consumption, which are recommended management tools and allow a regular monitoring of the consumption (Thiele and Pottgüter, 2008) , were performed on only 50% and 39% of the farms, respectively.
Contamination with Red Mites
The contamination with red mites seems to be a severe problem, and 66% of those interviewed stated that their farm was contaminated. Heerkens et al. (2015) found a similar contamination rate, with 63% of the hen houses being infested. Sherwin et al. (2010) observed significant differences between the proportions of hens with red mites in different housing systems, with higher proportions in conventional cages than in free range, barn, or furnished systems. In contrast, Sparagano et al.
(2009) noted considerably higher infestation rates of 80% to 90% in the UK and other countries, whereby less intensive farming systems such as barns, free range, and organic systems showed a higher prevalence than cage systems. This was also observed by Höglund et al. (1995) . The authors explained this finding by the potential of the mites to hide in cracks and crevices. In our study, conventional hen houses (deep litter aviary and cage systems) were more often stated to be contaminated with red mites than ecologically managed hen houses. A precise comparison of the housing types in our study was not possible because the cage system was represented by a sample size of only 3 hen houses.
One of the factors that influenced the prevalence of red mites in the study by Sparagano et al. (2009) was the farm size, with smaller farms (1,000 to 5,000 hens) having a higher prevalence than larger farms (5,000 to 20,000 hens). A relationship between mite infestation and flock size was not observed in our study, possibly due to the lack of a large variation in size. Martin and Mullens (2012) showed that dust bathing of hens in sand combined with diatomaceous earth, kaolin clay, or sulphur can suppress and reduce ectoparasites (northern fowl mites and chicken body lice) by 80% to 100%. The provision of an additional dust bath and the access to a winter garden in our study were also related with a significantly lower stated contamination with red mites.
Problematic Hen Behavior: Nervousness
The tonic immobility (TI) test is a test on stress and fearfulness in fowl, and longer TI durations are indicators of high stress levels and fearfulness (Jones, 1986) . In our survey, ecological farming types, the presence of roosters and the access to the entire litter space after housing were related with less nervous behavior of the hens. The behavior was, however, assessed by the farmers themselves, which could have influenced the results. El-Lethey et al. (2000) observed a longer TI duration in hens housed without straw as foraging material, suggesting stress if hens are housed without straw, a situation that is comparable with the denied access to the litter area in our study. El-Lethey et al. (2000) further suggested that pronounced feather pecking occurs if the hens are stressed. The TI duration was significantly shorter in hens from free range than in hens from cage systems in a study by Shimmura et al. (2010) . However, the results of our survey should be interpreted with care; although we found the nervousness of the hens to be related with the presence of roosters and access to the litter area, these factors were also related with the farming type.
In our study, a relationship between layer line and stated nervous behavior, as observed by Mahboub et al. (2004) , was not present. However, this may be due to the high variety of layer lines housed and thus the small sample size of individual layer lines. Uitdehaag et al. (2009) observed that Rhode Island Red laying hens housed in mixed groups with White Leghorn hens showed more fear responses than if housed in pure groups. Even though the hens from mixed groups (15.8%) in this study were more frequently observed as "nervous hens" than hens from homogenous groups (3.3%), a relationship was not present, most likely due to the small sample size of nervous hens overall.
Problematic Hen Behavior: Feather Pecking and Cannibalism
The prevalence of stated previous and current problems with feather pecking (30% and 19%, respectively) and cannibalism (18% and 15%, respectively) was low compared with other studies in which, for example, 57% of the interviewed reported feather pecking in their previous flock, and 47% stated that it was a normal occurrence in their flocks (Green et al., 2000) . In the flocks analyzed by Green et al. (2000) , 30% of the hens in a flock were affected by feather pecking, and the median age at which feather pecking started was wk 40 of lay. Also, De Haas et al. (2014) observed severe feather damage in 49% of the flocks, and Lambton et al. (2010) reported a prevalence of 65% of the flocks showing feather pecking. Bestman and Wagenaar (2014) observed a comparable prevalence of feather pecking, with 32% of the flocks showing moderate to severe feather damage. In a survey done by Pötzsch et al. (2001) , 56.1% of the flocks were affected by feather pecking, 36.9% by vent pecking, and 27.1% of the surveyed stated that vent pecking occurred regularly. Signs of feather pecking and feather damage were observed on all farms analyzed by Heerkens et al. (2015) . Vent pecking was observed in most of the flocks (14 of 18) examined by Hegelund et al. (2006) . In contrast, Nicol et al. (1999) observed severe feather pecking infrequently and vent pecking rarely. Two factors may have contributed to the relatively low prevalence of stated problems with feather pecking and cannibalism in our study: firstly, the different farmers were surveyed at different time points of an ongoing laying period, and secondly, the farmers themselves evaluated the problems related to feather pecking.
One of the factors that are associated with feather pecking is the use of electric wires (Green et al., 2000) . It is not permitted that laying hens come in contact with an electric wire (German Order on the Protection of Animals and the Keeping of Production Animals, 2006). However, although 33% of the barns in our survey were stated to be supplied with electric wires, a relationship with behavioral issues or health parameters was not observed.
We observed a relationship of the farming type (conventional vs. ecological) with the stated occurrence of feather pecking, with lower rates in the ecological types. This relationship is in contrast to the performance of beak trimming in conventional farming systems, which is performed to actually lower the occurrence of feather pecking and its associated problems. A question about beak trimming was not included in the questionnaire, but up to the year of the survey, almost 100% of the laying hens in conventional systems in Bavaria were beak trimmed (Moritz, 2014) . In the study done by Shimmura et al. (2010) , the housing system had a significant effect on the occurrence of feather pecking; it was more commonly seen in single-tiered aviaries than in all other systems (cage, free range). Stadig et al. (2015 Stadig et al. ( , 2016 stated that surveyed farmers reported to have more problems with smothering, cannibalism, feather pecking and mortality in non-cage systems compared with conventional cage systems. However, in our study, we did not detect an influence of the type of housing system (cage, aviary, free range), most likely due to the small sample size of the cage systems. Sherwin et al. (2010) and Heerkens et al. (2015) observed the lowest proportion of feather damage in flocks of free range systems. Bestman and Wagenaar (2003) found that if more than two-thirds of the hens of a flock used the outdoor run, severe feather pecking did not occur. Furthermore, Bestman and Wagenaar (2014) found better feather scores when the outdoor run was used more intensively. The access to a winter garden or free range did not affect the occurrence of feather pecking in this study, indicating a more complex difference between the conventional and ecological housing systems than solely the access to free range. Similarly, Hegelund et al. (2006) observed no relationship between the plumage condition and the use of an outdoor run on organic farms, and Heerkens et al. (2015) found no significant effect of the presence of a winter garden on the plumage score.
Considering cannibalism reported for the flocks in our survey, the access to a free-range raised the risk that feather pecking turned into cannibalism and increased the occurrence of previous problems with cannibalism. Vent pecking was more frequently recorded in the survey by Pötzsch et al. (2001) when the outdoor area was used by less than 25% of the hens of a flock. The frequency of use did not have an influence on the occurrence of feather pecking or cannibalism in our study. However, it should be noted that the use of the winter garden and the free range and the occurrence of feather pecking and cannibalism were assessed by the farmers themselves and not scientifically. Thus, this non-systematic assessment may explain missing relationships. Lambton et al. (2010 Lambton et al. ( , 2013 found a positive relationship between feather pecking and cannibalistic pecking with the age of the flock, and Nicol et al. (1999) observed increasing mild feather pecking with increasing age. Likewise, in our study, farmers who had previous problems with feather pecking in the flocks (i.e., when the hens were young) were more likely to have current problems with feather pecking or cannibalism. It is known that if hens show severe feather pecking at an early age, they are at a higher risk to develop feather pecking and feather damage later in the laying period (Bestman et al., 2009; De Haas et al., 2014) . Nicol et al. (1999) found that the plumage condition worsened with increasing flock size and increasing stocking density due to increasing occurrence of mild feather pecking. Thus, smaller group sizes tend to have lower levels of feather damage (De Haas et al., 2014) . However, Heerkens et al. (2015) found no significant effect of the flock size on the plumage score. Neither the stocking density nor the flock (barn) or group (compartment) size had an influence on the occurrence of feather pecking or cannibalism in the flocks of our survey. However, the success of the measures taken against feather pecking was influenced by these two factors, with owners of hens kept in small group (compartment) sizes and housed at low stocking densities being most successful.
Two factors that influenced the occurrence of previous and current feather pecking and cannibalism, as well as the development of cannibalism from feather pecking, were the locking of the hens into the aviary system and the denied access to the entire litter space. Similarly, Nicol et al. (2003) observed that the factor "restricted access to litter" was associated with feather pecking. The practice of not allowing access to the litter area should be viewed critically. Not only the above discussed higher stocking densities that are the consequence of locking the hens into the aviaries (Lenz, 2015) and may lead to feather damage (Nicol et al., 1999) , but also the denied access to litter has negative consequences on feather pecking (Huber-Eicher and Wechsler, 1997; Wechsler and Huber-Eicher, 1998) . As pointed out by Chow and Hogan (2005) and El-Lethey et al. (2000) , feather pecking rates can be reduced by exploratory rich environments.
The differentiation between feather pecking and cannibalism is difficult, and the assessment of these health parameters in our survey was performed by the farmers themselves and not by audited scientists. A possible lack of confidence in differentiation and overall reliability of assessment must be critically taken into account in the interpretation of the results. A potential bias in the evaluation of prevalence could have led to the result that several management factors were related with the presence of both feather pecking and cannibalism. The method of data collection via a postal survey rather than an on-farm assessment might also add some limitations. However, this method had the technical advantage of a broad participation in the survey.
Farmers who monitored their hens more than once daily had fewer problems with current cannibalism than farmers who monitored their hens only once daily. Similarly, Heerkens et al. (2015) found that the time spent with the hens by the stockperson had a positive effect on the vent plumage score. In contrast, the herein surveyed farmers who performed management procedures such as weighing the hens and assessing food and water consumption reported a higher prevalence of cannibalism than the farmers who did not. It is possible that farmers who were aware of the occurring cannibalism spent extra time for hen management to prevent further problems. Mahboub et al. (2004) observed that the feather score in Lohmann Selected Leghorn hens was poorer than in Lohmann Brown hens, indicating an influence of the layer line. We could not statistically compare layer lines in this study due to the many layer lines noted. Furthermore, we could not prove an increased risk of severe feather pecking in groups of mixed layer lines, as observed by Uitdehaag et al. (2009) , even though we observed this tendency.
Our results support the hypothesis by El-Lethey et al. (2000) that pronounced feather pecking occurs when hens are stressed. The hens of feather pecking flocks were stated to be more nervous and tended to chase each other more often and hens of cannibalistic flocks showed more chasing behavior compared with the hens of non-pecking and non-cannibalistic flocks.
The stated contamination with red mites was not a risk factor for feather pecking in the present study. According to Heerkens et al. (2015) , red mite prevalence was a risk factor for plumage condition, and flocks with red mites had a worse plumage than flocks without. The missing relationship in our survey could be explained by a bias because the farmers themselves assessed the status of contamination and plumage condition of their hens.
The rooster ratio had a significant effect on the occurrence of feather pecking in a study performed by Bestman and Wagenaar (2003) . Likewise, in our study, the presence of roosters led to a decreased risk of feather pecking. However, the farming system was related with the use of roosters and might have influenced the relationship between the presence of roosters and stated problems with feather pecking.
In the survey by Green et al. (2000) , 61.5% of the farmers took measures against feather pecking once it occurred, and these were dimming lights (51%), red lights (9%), spraying birds with water (5%), providing vitamins (4%), isolating aggressive birds (4%), beak trimming (1%) and providing salt (2%). The measures taken to reduce vent pecking once it occurred in the survey by Pötzsch et al. (2001) were dimming the light, red light, spraying the birds with tar, providing vitamins, and isolating birds. Similar measures against feather pecking were taken by the herein surveyed farmers, who stated that they dim the light intensity, to supply additional minerals and enrichment, to enhance the litter and to remove injured animals. In a study by Nicol et al. (2006) , hens kept under modified management conditions (including nipple lines instead of bell drinkers, no lights in nest boxes) showed a trend for reduced feather loss compared with hens kept under the standard management conditions required by law. Also, the use of "specific management measures" (radio playing, aerated concrete blocks, round drinkers, roosters) can lower the feather damage (De Haas et al., 2014) . Interestingly, in our survey, more farmers stated that they take measures against feather pecking than actually stated that they have previous or current problems with it. It is possible that preventive measures were also regarded as "measures" and therefore mentioned by the farmers. In this survey, 62% and 63% of the farmers stated that these measures were successful in reducing the problems with feather pecking and cannibalism, respectively.
Hen Mortality
The main causes of mortality in this survey were smothering, bacterial and parasitological illness, other inflammation of the oviduct, predators, cannibalism and natural death. Heerkens et al. (2015) found similar main causes for mortality, such as feather pecking, cannibalism, salpingitis, E. coli infections, and smothering. Fossum et al. (2009) stated that the main mortality causes were bacterial diseases with the predominant pathological findings of salpingitis, oophoritis, peritonitis, pericarditis, perihepatitis, pneumonia, and air sacculitis. Furthermore, 50% of the laying hens of infected flocks submitted for necropsy were affected by cloacal cannibalism (Fossum et al., 2009) . Cannibalism was observed in all housing systems in the study done by Fossum et al. (2009) , and was the main cause of mortality in 5 of 129 indoor litter-based systems and in 5 of 23 free-range systems, but in none of the cage systems. In the survey by Pötzsch et al. (2001) , producers stated that 1.3% of the mortality was due to vent pecking, which is less than the 7.8% identified in the present survey . Interestingly, although average mortality data were stated for 241 of the flocks, the main causes were stated for only 154 flocks. In the study by Hegelund et al. (2006) , the mean predatory loss was estimated at 6.4% (assuming missing hens were taken by predators), which is also less than the 11.0% in the present survey. The average mortality in the present survey of 7.6% seems low. However, it ranged from 0.8% to 30.0%. Hegelund et al. (2006) also found a wide range of mortality from 8.6% to 62.3% on organic farms, with high mortality due to Pasteurella infections. Weeks et al. (2012) observed mortality rates between 5.4% in caged hens to 9.5% in hens with access to free range, Stadig et al. (2015 Stadig et al. ( , 2016 in contrast observed higher mortality rates in cages and lowest in floor systems.
The mortality rates in the present study were related with the use of reduced stocking densities and the access to free range as well as behavioral problems such as hens chasing each other and current problems with cannibalism. An effect of housing systems or other management measures was not detected. Similarly, no significant effect of the housing system on mortality was observed in a study by Aerni et al. (2005) .
Use of Winter Garden and Free Range
Seventy-one percent of those interviewed stated that they have a winter garden for their barn. However, this number needs to be interpreted with care, as for 64 of the 293 barns this question was not answered at all, most likely because a winter garden was not present. For 44% of the barns, the winter garden was accessible to the hens up to wk 20, and for 47% during wk 21 to 25. A free range was available to 66% of the barns, but for this question, only 166 of the 293 returned flock specific questionnaires were answered. In 22% of the barns, the free range was available to the hens by wk 20, in the majority (63%) at the age of 21 to 25 wk. According to the management recommendations by Lohmann (Thiele and Pottgüter, 2008) , for the first 3 wk after transfer to the laying house, the hens should be kept indoors, and if a winter garden is available, it should be opened 1 wk before the pasture (4 to 5 wk after housing). The use of the winter garden and the free range by the hens of the herein surveyed flocks differed in intensity, as intense use was stated by 69% and 37% of the farmers, respectively, and moderate use by 29% and 52%, respectively. However, the results of the survey should be interpreted with care, because the farmers themselves evaluated the intensity and an exact definition was not given. Hegelund et al. (2006) observed the use of the outdoor run by hens to vary between 8% and 38% but did not state the level of intensity. Hegelund et al. (2005) observed that more hens used the free range when an artificial cover was present. In our study, 93% of the surveyed stated that they provide a structured free range, and this low variation of stated differences in provided structure may be the reason why an influence on the intensity of use was not observed.
Observations by farmers in the study by Bestman and Wagenaar (2003) showed that roosters were the first to go outside and defend the hens against predators; the authors concluded that roosters "form a natural and appropriate enrichment of the environment." Similar results emerged from the evaluation of the current survey, in which the presence of roosters increased the hens' use of the winter garden and the free range. A relationship of the flock size with the use of the free range was not observed, which agrees with the results by Hegelund et al. (2006) and is in contrast to results by Hegelund et al. (2005) , who observed fewer hens in the free range with increasing flock size. Interestingly, the age by which the hens had access to the free range influenced the use, with greater use if hens had early access. We therefore recommend providing access to a free range as early as possible to encourage the use.
CONCLUSIONS
In this survey, several management factors and procedures were related with the occurrence of feather pecking, cannibalism and the infestation with red mites. Farmers should avoid locking the hens into the aviary or not allowing access to the entire litter space, because these measures can lead to nervous behavior and may result in feather pecking or cannibalism. The provision of an additional dust bath seemed to positively influence the health and behavior of the hens. Furthermore, the presence of roosters was positively related with the behavior of the hens and reduced the occurrence of feather pecking. However, as this measure, along with further management factors, was also related with the farming system and the farming system was related with the occurrence of feather pecking, the impact of these factors cannot be separated from that of the farming system.
SUPPLEMENTARY DATA
Supplementary data are available at PSCIEN online. Table S1 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding the general management. Table S2 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding flock specific management. Table S3 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding litter management. Table S4 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding illumination and feeding management. Table S5 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding animal health, behavior and mortality. Table S6 . Percentages and absolute numbers (in brackets) of the possible answers to the questions regarding the management of the winter garden and free range.
